Gastric cancer remains one of the most common malignancies worldwide. Despite the significant advances in surgical treatment and multimodality strategies, prognosis has modestly improved over the last two decades. Locoregional relapse remains one of the main issues and the combined chemoradiation treatment seems to be one of the preferred approaches. However, more than ten years after the hallmark INT-0116 trial, minimal progress has been made both in terms of effectiveness and toxicity. Moreover, new regimens added to combined therapy failed to prove favourable results. Herein, we attempt a thorough literature review comparing pros and cons of all relative studies and potential bias, targeting well-designed future approaches.
Introduction
Gastric cancer (GC) remains one of the most common types of cancer worldwide accounting for about 9.9% of new cases [1, 2] . Despite the significant advances in surgical treatment and multimodality strategies, prognosis has only been modestly improved over the last two decades. In fact more than 50% of patients (pts) diagnosed with GC in 2008 in the United States are expected to die [3] . Appropriate resection and early diagnosis remain the key points for a successful approach in GC treatment [4, 5] . Until the late 90s surgical resection alone was the most commonly used treatment even for high risk resectable GC. However, most pts are not cured by surgery alone and the high rate of relapses suggests the need for additional treatment. Multimodality strategies incorporating adjuvant chemotherapy (CT), perioperative chemotherapy, and neoadjuvant and adjuvant chemoradiation (CRT) have been tested in clinical trials. In an attempt to understand the role of adjuvant CRT in resected GC, but also the less than expected progress done in this field the last decade, we attempted a thorough review. Possible factors of discrepancy and bias of the most important trials are presented and to date the optimal treatment strategy is yet to be defined.
Multimodality Options
In an attempt to improve outcomes for pts with locally advanced resectable GC researchers studied different combinations of adjuvant and neoadjuvant CT regimens with or without RT. Multiple prospective randomized studies addressed the question of the best multimodality approach for these patients. Incorporation of neoadjuvant and adjuvant 2 Gastroenterology Research and Practice CT, as well as adjuvant CRT over surgery alone, resulted often in conflicting results.
In fact, early trials for adjuvant CT proved only a modest benefit in survival rates compared with surgery alone, while subsequent trials failed to demonstrate consistent benefit for systemic adjuvant CT [6] [7] [8] [9] . Meta-analyses and recently published trials, mostly coming from Asia, presented a positive impact for adjuvant CT [10] . Between them the CLASSIC and the ACTS-GC phase III randomized trials clearly demonstrated that adjuvant CT, in the form of XELOX and S-1 respectively, confers significant survival advantage in pts following margin negative D2 gastrectomy [11, 12] . In the meta-analyses, including 31 eligible trials, results also favored adjuvant CT, but differences in surgical techniques and multiple design weaknesses have been noted [10] . Still, these results are not replicated in the western hemisphere where surgical techniques are different, while the use of S-1 is not commonly selected. For these reasons adjuvant CT is not the standard of care for resected GC in western countries. In addition, CT alone in the neoadjuvant setting failed also to provide consistent results [13] [14] [15] . On the other hand, the welldesigned MAGIC trial and other similar trials established perioperative approach as the standard of care in Europe [4, 14, 16] . In USA, adjuvant CRT is the preferred option due to the results of the INT-0116 trial [17] . These two approaches are considered as standard of care in western countries, but there remains no consensus over the best approach to treatment.
The reasons for this luck of uniform treatment strategy selection include variation in surgical techniques and selected regimens, as well as in patient population [18] [19] [20] , but are mostly related to the small body of available studies comparing directly, in a face to face design, the different multimodality strategies. Among these, 5 Asian trials evaluated adjuvant CRT versus adjuvant CT [21] [22] [23] [24] [25] , but only one trial was able to individually show a benefit to adjuvant CRT over adjuvant CT [21] . In the latest published trial in this setting, the ARTIST trial, the addition of RT to CT when compared to CT only conferred a significant reduction in the primary outcome of recurrence but only in pts with nodal involvement [25] . Therefore, the ongoing ARTIST-II trial will compare adjuvant CT with or without RT for completely resected GC with nodal involvement. A meta-analysis including all five Asian trials resulted in a positive association between improved survival and RT addition [26] . Still, a detailed comparison of the different multimodality options in the treatment of GC will not be further analyzed in this paper since our aim is to focus on CRT and validate the status and its progress. In Table 1 , major trials for curative strategy in GC are shortly presented.
CRT Rationale and the Early Trials
The locoregional recurrence is one of the early concerns in GC. In fact its incidence is 40-80%, after resection with curative intent [27, 28] . The high frequency of such relapses suggests the need for the addition of a local treatment approach to systemic therapy. For that purpose the combination of RT with CT could be an attractive strategy. Indeed, it was since the early 80s when the first phase III trials evaluated the role of CRT in resected GC [29, 30] . The importance for local disease control was also evident from early phase III trials on pts with residual or unresectable disease. Approximately 20% of that population were longterm survivals when treated with CRT [31, 32] . Different subsequent trials validated a variety of CRT combinations, in the neoadjuvant, adjuvant, and perioperative setting [33] [34] [35] . The survival benefit from combined modality therapy has become clearer over time, but there is no consensus which is the optimal approach. During the last decade, adjuvant CRT has become one of the most common treatment strategies for GC pts after curative resection in the US. The small phase III trial of the Mayo clinic was one of the first trials evaluating positively the results of a trimodality treatment, with surgical resection followed by CRT [29] . Those early favorable results were verified in the early 2000 by the INT-0116 trial which is considered the hallmark in adjuvant CRT [17] . This trial changed the standard of care in the US for high risk pts with GC. Despite its promising results, over 50% of pts still died within 3 years from surgery. Furthermore in this trial, 17% pts did not complete the planned CRT protocol due to treatment related intolerance. An updated report of the INT-0116 with a median follow-up of 10 years confirmed the earlier results, with OS and RFS continuing to demonstrate dramatic benefit for patients who received adjuvant CRT [36] . The use of infusional instead of bolus 5FU is a point of discussion, as many clinicians prefer this form of administration extrapolated from the practice from rectal cancer. Still no randomized studies compared infusional versus bolus 5FU in CRT for GC. Preliminary data suggest that the approach of infusional 5FU could be an acceptable alternative, with favorable toxicity and tolerability [37] .
The INT-0116 phase III study included the combination of RT with bolus administration of 5FU and leucovorin (LV), with clear benefit in overall survival (OS) and disease-free survival (DFS), over surgery alone. Median DFS was 30 in CRT group versus 19 months in surgery only group ( = 0.0002); median OS was 40 versus 26 months. A statistically significant improvement in 3-year DFS of 48% was reported; 3-year OS rates were 50%, when in surgery only group were 41%. Though stage IB-IV pts were included, still the effectiveness in T2N0 was not clear. Also after D2 lymphadenectomy the role of adjuvant CRT is unclear because only 36% had D2 in the study. Recently, long-term results from the extended INT-0116 with a 10-year follow-up confirmed a persistent improvement in OS and DFS rates in pts treated with CRT, in all disease stages included in the trial [36, 38] .
The ''Followers'' of INT-0116: Detailed Result Analysis and Comparison
A large observational Korean study, that followed one year later the INT-0116, confirmed the positive outcomes. Patients after D2 resection were treated with a similar CRT regimen. A very high percentage of RFS (75.5 months) and an impressive 5-year OS of 57% were reported [39] . Median OS and DFS were 95.3 and 75.6 months in the CRT group versus 62.6 and 52.7 months, respectively, in the D2 resection group. Although these results are not derived from a randomized controlled trial and are subject to several biases, they imply a potential positive role of CRT even in pts with D2 resection and provide indirect support for the CRT benefit in adequately surgically staged pts. Additionally, at least two meta-analyses of randomized trials incorporating CRT in the adjuvant setting demonstrated a survival benefit with the addition of RT [40, 41] . The first meta-analysis included 9 eligible randomised controlled trials, 4 of preoperative RT (832 pts) and 5 of postoperative CRT (869 pts); adjuvant CRT significant reduced the 5-year (OR 0.45; 95% CI 0.32-0.64; < 0.00001) mortality rate compared to surgery alone; still authors concluded that available evidence is inadequate to determine whether postoperative CRT is superior to preoperative RT. The second meta-analysis included 9 randomized clinical trials (2,025 pts) in which RT (preoperative, postoperative, and/or intraoperative) was compared with surgery alone or surgery plus chemotherapy. Of them 5 trials were classified as high quality and 4 as low quality. The addition of RT resulted in significant 5-year survival benefit; using an intent to treat (ITT) and a Per Protocol (PP) analysis, the overall 5-year RR was 1.26 (95% CI: 1.08-1.48; NNT = 17) and 1.31 (95% CI: 1.04-1.66; NNT = 13), respectively. Though, the statistically significant improved likelihood of 5-year survival was limited in the subgroups of lower quality trials, trials with a LQED 2 under 40 Gy, trials using preoperative RT, trials not using intraoperative RT, and trials published after 1990. On the other hand, a late Dutch observational study enrolled 694 pts who underwent D1 or D2 surgery. Ninetyone pts underwent postoperative 5FU-based CRT, five pts with 5FU/leucovorin, 39 pts with capecitabine, and 47 with capecitabine and cisplatin. Additional benefit was observed after a D1 dissection. On the contrary, no improvement was revealed in outcomes in patients had a D2 surgery. In R1 resection, postoperative CRT was significantly associated with better survival [42] .
Furthermore, in a population-based analysis, data from the Oregon State Cancer Registry were analyzed to assess the treatment approach of GC before and after 2001, when INT-0116 was published [43] . Survival outcomes, in the Oregon cohort, for pts undergoing CRT were 20 months, when the INT116 reported 36 months. In pts in the surgery only arm, the median survivals were 15 versus 27 months for Oregon and INT116 cases, respectively. In this study a modest survival benefit was associated with CRT, but this benefit did not reach statistical significance. Several causes could be related with these results compared to similar cases of the INT116. In fact, pts in a clinical trial always do better as compared to that of a population-based cohort. Patients enrolled in any clinical trial comprise a "special" subset of all cases resulting in a possible selectivity bias. Age was also an important factor, with the median age of CRT pts being substantially younger than the median age of those not receiving CRT (64 versus 75 years). Interestingly the median age in INT-0116 was 62 years. It is indeed likely that older pts have more comorbidity that would interfere with tolerance to CRT. The subset analysis of the extended INT-0116 strongly suggests that cases with poorly differentiated diffuse histological type did not benefit from CRT, whereas cases with intestinal-type histology did benefit [38] . This is important when comparing the two trials, since 22% of the Oregon registry cases had signet ring, poorly differentiated pathology that was not expected to have additional benefit from CRT.
In addition, the effect of differences in design and selection criteria between trials is further extended in reported toxicity profiles. For example, in the INT-0116 significant toxicity was reported despite the high standards in pts' enrolment. Overall grade ≥3 toxicities occurred in 73% among 273 pts with available toxicity information, including high rates of overall hematologic and gastrointestinal toxicity in 54% and 33%, respectively. Grade III and IV toxicities were reported in 41% and 32%, respectively. Gastrointestinal grades III and IV toxicity rates were 29% and 3%, respectively, whereas grades III and IV hematologic toxicities were observed in 26% and 28% of pts [44] . Furthermore, only 63% of the pts were able to complete treatment as planned. Interestingly in the Korean study, despite the extent of the surgical procedure the toxicity profile was much better than that of the INT-0116, with toxic effects (grade ≥ 3) cumulatively reported in 40% of the pts. Grades III and IV GI toxicity rates were 14.3% and 0.6%, respectively, whereas grades III and IV hematologic toxicities were observed in 23.5% and 6.4% of pts. 75.2% of the pts completed the treatment protocol. It should be highlighted that the two trials had essentially followed the same CRT protocol, with only a slight difference in total doses of 5FU (8.800 mg/m 2 in Korean trial versus 9.175 mg/m 2 in INT-0116) but this alone could not explain the important difference in toxicity profile. The differences are more likely related to selection criteria.
Furthermore, multilinguality could be another possible reason for discrepancy in results. D' Angelica et al. underline that there is a high variability in relapse patterns in GC in the literature [45] . This variability is multifactorial and relates to inconsistencies in treatment and differences in tumor biology, as well as in the mode and timing of detection of relapse. Also, discrepancies regarding the definition of relapse terms like local, regional, locoregional, and distant also correlate with the diversity in relapse profile. In addition, minor differences in RT techniques and fields may also interfere with the results.
The Role of Surgical Procedure and Staging
Differences in surgical staging procedures when comparing trials have also been the subject of extensive debates. Indeed, it is important to note that the results are highly amended by the completeness of the surgical procedure, parameter further emphasized by the striking results of the Korean trial and also the differences in overall TNM stage stratification. In fact in the Korean study, 98.2% of the pts had more than 15 lymph nodes (LNs) and 86.9% had more than 25 LNs removed; 55.9% had total gastrectomy. Furthermore, a relatively early TNM stage distribution was noted, with more than 65% of the study population classified as stage II and IIIA (AJCC). In the INT-0116 trial, although no comparable data are published, the less radical surgical procedures and the overall more advanced stage, as defined by the high number of less than D1 resections (54%) and the more advanced distribution of T and N category, may interfere with the poorer results, when compared with that of the Korean trial. In the INT-0116, although D2 dissection was recommended, it was performed in only 10%, while 54% did not even have D1 resection. This limited extent of the surgery is probably related to the inferior survival and the high relapse rate (64%) in the "surgery only" arm and became the main cause of criticism for the INT-0116. Of notice is that in the Oregon observational study even pts with R1 resections were included and about 70% of them had less than 15 nodes examined, making the staging data in these cases suspect.
Long-term survival after adequate surgical treatment without CT or CRT has also been reported in different studies [46, 47] . Controversially, other trials question the role of extensive surgical approaches in survival and relapse in GC [48] . Despite these discrepancies a minimum of removed LNs and a clear margin are mandatory, according to international treatment guidelines. A number of early prospective trials failed to prove a survival advantage for more extensive gastric resections or for more extensive lymphadenectomy [49] [50] [51] [52] [53] [54] [55] . The high rate of regional node relapse may provide a partial explanation for the lack of survival benefit with more extended dissections in these surgical trials implying an early systemic nature of the disease. Probably, multicenter trials and the involvement of many different surgeons especially from small volume centres should not be considered ideal, when evaluating surgical results. On the other hand, the recent Dutch D1/D2 trial correlates the D2 approach with lower locoregional rates of recurrence despite the higher perioperative mortality [56] . Subjectiveness of surgical procedures and differences of surgical techniques between early and late trials may in part explain this discrepancy.
Since the mid 90s Bunt et al. convincingly demonstrated that adequate staging requires a full assessment of N1 and N2 LNs [57] . In this study, the pts undergoing D2 gastrectomy were assigned a tumor stage by initially evaluating only the N1 nodes. Subsequently, the N2 nodes were examined and the final stage was assigned. The evaluation of N2 nodes increased the overall stage. For example, 60%-75% of cases with stage-III disease were upgraded to stage IIIB or IV. These results confirm that examining a large number of LNs is mandatory for adequate staging. With this in mind both Oregon and INT-0116 pts may be understaged due to poor assessment of LNs metastases and therefore the addition of adjuvant treatment may have proved beneficial. A modified D2 lymphadenectomy, with pancreas and spleen preservation, is now considered an appropriate surgical approach for experienced surgeons who can perform the procedure without increased surgical morbidity or mortality. Extending dissection beyond D2 to para-aortic nodes has not shown survival improvement.
Newer Regimens and Strategies
During the last decade different CT regimens combined with RT have also failed to robustly prove a substantial additional advantage in DFS or OS, while significant toxicity and tolerability issues were always present. In fact, in the RTOG-0114 trial, the incorporation of Paclitaxel-Cisplatin (P) containing regimens to CRT failed to prove additional advantage. It should be noted that the unacceptable high rate of GI toxicity leads to discontinuation of randomization. The participating institutions were notified to inform pts of the increased toxicity of regimen and additional treatment was to Gastroenterology Research and Practice 5 be given at the discretion of their treating physician [58] . On the other hand, in the early phase II study of Kollmannsberger et al., which evaluated the addition of paclitaxel to adjuvant CRT using 5FU/LV/P, toxicity was acceptable in both arms. Projected 2-year PFS was 61% and 64% in the two groups, respectively, but the rate of early treatment discontinuation was 26% [59] . In a small Asian trial, comparing CRT with a 5FU/P based regimen versus CT only, no advantage of the CRT approach was proven but, instead, severe toxicity was also reported [60] . In another small phase I early trial P seems promising when incorporated in CRT with infusional 5FU/LV, in contrast to the results of the previous mentioned studies, but efficacy has yet to be established [61] .
Even without RT combination CT regimens are not easily tolerated in this group of pts. In the FFCD 8801 phase III trial, adjuvant 5FU/P also caused tolerability issues due to toxicity; only half of them received more than 80% of the cumulative planned dose of CT [62] . However, capecitabine-(X-) based CRT has been shown to be well tolerated although effectiveness has to be proven. This approach is not as common in western countries compared to Asia [63, 64] . These data indicate that toxicity and tolerability are a major issue in this patient population, influencing the results of effectiveness independently. Moreover, the discrepancies between these data, probably related to the small number of pts and the early study design in most of these trials, do not allow conclusive results.
Even the recent, randomized CALGB 80101 trial, that incorporated the Epirubicin-Cisplatin-5FU (ECF) in a "sandwich" regimen to CRT with 5FU/LV, failed to prove an advantage versus the classic INT-0116 regimen [65] . OS and DFS were comparable with the results of the INT-0116, which was conducted more than 10 years ago. However, definitive conclusions on the benefit of a more intensified CT regimen from this trial cannot be drawn since a low dose intensity of the ECF was selected. Interestingly, the researchers used infusional instead of bolus 5FU as in the original regimen of the INT-0116, when given concurrently with RT in both arms but 5FU/LV was given bolus before and after RT in the no ECF arm. This unexpected modification discourages a comparison with the investigational arm protocol in terms of toxicity and tolerability. Additionally, control data for surgical approach selected in this trial are not published, parameter that was subjected to major criticism in the Intergroup 0116 trial.
In a different setting the phase III trial of Stahl et al. validated the role of CRT prior to surgery compared to CT only. Preliminary results point to a survival advantage for preoperative CRT compared with preoperative CT, but unfortunately the study was prematurely closed due to low accrual [66] . Limited experience coming from single institute or retrospective trials also implies a potential role of CRT in neoadjuvant setting, but mature data in this field remain poor [67] [68] [69] .
Late and Ongoing Trials
The same investigators that published the early retrospective Korean trial recently reassessed the role of CRT in resected GC, for the first time, in a large scale prospective phase III design (ARTIST trial) [70] . Six cycles of XP were compared with two cycles of XP followed by RT with X and then followed by two additional cycles of XP (XP/XRT/XP). Overall, the addition of CRT in pts with D2 resection did not significantly prolong DFS ( = 0.0862); however, the 3-year DFS rates were very good in both arms (78.2% in the XP/XRT/XP arm and 74.2% in the XP arm) when compared to the results of INT-0116. These favorable results might be in part explained from the high percentage of pts with early stage disease; approximately 60% of them in each arm had stage IB and II disease and therefore better prognosis. Besides the higher percentage of low risk group, another weakness of this study is the very small number of planned events, registered at the time of final analysis compared to the planned ones, which implies the need for an extended follow-up period, in order to get a clear view of results. Patient characteristics were similar between the two arms, with the exception of a slightly increased number of diffuse type tumors in the CRT arm (63% versus 57%), which have an unfavorable prognosis and more intestinal tumors (39% versus 33%) in the CT arm, but this parameter does not seem to interfere with the results. Interestingly, the subgroup of pts with LN involvement had superior DFS ( = 0.0365) when treated with CRT compared to CT, but this observation needs further validation. With the completion of 7 years of followup updated report was published. The effect of RT addition on DFS and OS differed by Lauren classification and lymph node involvement. Subgroup analyses also showed that CRT significantly improved DFS in node-positive disease and with intestinal-type GC [71] .
Interestingly tolerability rates in the ARTIST trial were high throughout the study; treatment was completed as planned, in 75% in the XP arm and in 82% in the XP/XRT/XP arm. The rates of grades III and IV adverse events were low in both treatment groups. These results are impressive considering that in the INT-0116 trial the completion rate was only 63%. The younger median age in this trial (56 versus 62 years old in the INT-0116) and the favorable selection criteria may in part explain the toxicity and tolerability discrepancies.
Of special interest is the result of comparison of CRT use before and after 2001. Before 2001, postoperative CRT was used in 17% of the Oregon cases, while after 2001 use of CRT was doubled to 36.8% of cases. This increase was statistically significant ( < 0.001) but still almost two-thirds (63.2%) of pts did not receive adjuvant CRT, even though the results of INT116 were widely published and many other relative trials followed. Also in an updated analysis, they reported that 74% of the preoperatively treated pts completed therapy, compared with 34% of the postoperatively treated ones [42] . These notifications may suggest that clinicians are not yet persuaded for the results of CRT or they have second thoughts on tolerability and toxicity. The optimal regimen for postoperative CRT has not yet been established and the high relapse rate clearly indicates the need for improved systemic therapies. Since there are no phase III randomized data evaluating CRT versus adjuvant CT following less than D1 dissection adjuvant CRT remains one of the preferable strategies in this setting and particularly for them who have R1 resection. CRT strategy could also be considered in D1 resection as alternative of the perioperative approaches (MAGIC trial) for those referred after surgery, but its role for D2 resection has yet to be established. Interesting and awaited ongoing trials that probably will refine our understanding in the area are shortly presented in Table 2 . The ARTIST-II trial will study pts with involved LNs in the same design of the ARTIST trial evaluating CRT after a D2 resection. ARTIST-II is expected to give a better understanding of the optimal approach (adjuvant CT versus CRT) for the subgroup of pts with completely resected GC and nodal involvement. The CRITICS trial will evaluate the benefits of adding postoperative CRT to perioperative CT with S1/oxaliplatin and ECX, respectively [72] . Furthermore, the TOPGEAR trial will evaluate preoperative therapy options for gastric or GEJ adenocarcinomas comparing 3 cycles of preoperative ECF CT to 2 cycles of ECF followed by CRT prior to surgery.
Regarding targeted therapy, the AVAGAST trial failed to meet its endpoints and the ongoing MAGIC-B trial evaluating bevacizumab is awaited. Moreover, the ongoing TOXAG trial will study Trastuzumab with postoperative CRT and the RTOG 1010 will evaluate Trastuzumab in the perioperative or adjuvant setting. Additionally, due to the fact that the anti-EGFR antibodies (Cetuximab, Panitumumab) failed to improve outcomes in the metastatic disease in EXPAND and REAL3 trial, respectively, for the moment there is lack of evidence to be tested in the adjuvant setting [73, 74] .
Conclusion
Until those trials are mature, one may question where do we stand more than 10 years after the INT-0116 since we practically walk around with the same original protocol. How do we evaluate all these discrepancies between the different trials? Do the small phase I-II trials with high diversity in design contributed to our knowledge or they just add some fog to the scenery? Probably before moving forward we should take a step back and redesign trials with special care to completeness and homogeneity in surgical staging, histological subtype, and use of a uniform language for response evaluation. Then we should reconsider the addition of other chemotherapy agents and further explore targeted agents role. Before extrapolating data to western populations, one should be mindful that the ACTS-GC, CLASSIC, and ARTIST trials were all conducted in East Asia. Studies are needed to duplicate the findings from Asia in Europe and USA, having in mind the differences in the biology and tumor characteristics.
Certainly, the optimal strategy remains to be defined. For the moment both adjuvant CRT and perioperative CT are acceptable options, while in Asia adjuvant CT is also used. Encouragement for the development of multicenter randomized trials will address the optimal sequence and timing of CT, RT in respect to surgery. Potential stratification factors like the level of nodal dissection, margin status, and potentially molecular profiling of the disease have to be further validated. Doubtless, the one size fits all approach has failed and the combined modality treatment is the best option for cure. Biomarkers and methods of identifying pts with GC who are more likely to benefit from therapy are currently awaited and needed. Recently, the Cancer Genome Atlas Research Network identified four molecular subtypes of GC and the viable targets examined could advance clinical research in the near future.
